MATERIALS AND METHODS
Preparation o f the samples for measuring RCA activity Experiments in vitro.
(1) Four separate gaseous mixtures with C02, 02 and N2 (a: 100% 02; b: 5% C02, 15% 02 and 80% N2; c: 20% 02 and 80% N2; d: 8% C02 and 92% 02) were prepared and 2 ml of blood from each of 13 healthy adults were examined by tonometry with these four different gas mixtures at 37°C for 1 hr by Farhi's tonometry. The bloodgas concentrations and the RCA activity after tonometry were measured by the Radiometer Co. ABL-1 machine and by the of method Wilbur and Anderson, respectively (Wilbur and Anderson 1948) . Correlations between the RCA activity and the blood-gas or the acid-base balance (pH, Pco2, Pot, HC03-, Too2, BE, SBC and HC03-/Pco2 ratio) were studied.
(2) Ten ml of blood from each of 10 healthy adults were examined by tonometry with 100% 02 for 9 hr at 37°C. The RCA activity and the blood-gas contents were measured before tonometry and at 5, 10, 15, 30, 60, 120, 180, 300, 420 and 540 min during tonometry as stated above. From each of the 5 healthy adults 6 ml of blood were examined by tonometry with a high percentage of C02 (8% C02 and 92% 02) for 6 hr at 37°C. The RCA activity and the blood-gas contents were measured before tonometry and at 5, 30, 60, 180 and 300 min during tonometry.
Experiments in vivo.
(1) Two ml of blood were taken from 42 healthy adults at rest, and the RCA activity and the blood-gas contents were measured.
(2) Arterial blood, 2 ml, was taken from 25 patients just before induction and at 30 min and 1, 2 and 3 hr after induction of halothane anesthesia and the RCA activity and blood-gas contents in the samples were measured. After measuring the blood-gas contents, the patients were separated retrospectively into three groups; high Pco2 group(Pco2> 45 mmHg, 11 patients), normal Pco2 group (45>Pco2>35 mmHg, 4 patients) and low Pco2 group (Pco2<35 mmHg, 10 patients).
(3) As for hypothermic anesthesia with diethylether, 2 ml of blood were taken from 35 patients before cooling and then at 30°C, 25°C, and 20°C during cooling. After occlusion the blood was taken at 20°C, 25°C, 30°C, and 35°C during rewarming and the 1st day after operation. All patients had a congenital heart disease and were operated under hypothermia. The RCA activity and the blood-gas contents in each blood sample were measured.
Measurement of RCA activity
The blood samples were lysed with distilled water to obtain a hemoglobin concentration of about 1.0 g/100 ml. The hemolysate was further diluted 400 times with distilled water. Two ml of the diluted solution were mixed with veronal buffer (pH 8.2) in a test tube ((p 6 cm, depth 8 cm) and cooled to 4°C in an ice water bath. The glass electrode of a digital pH meter was put into the test tube and 4 ml of a C02 saturated solution were added into the solution and mixed with gentle stirring in an ice water bath. The catalization time (Ts) which is the time taken for change of pH from 8.2 to 7.0 was measured twice for each sample. The diluted solution was replaced with 2 ml of distilled water and the uncatalization time (Tc) which is the time for changing the pH from 8.2 to 7.0 was measured. The dilution time (Dt) is 400. The RCA activity was calculated by the formula (1).
RESULTS

Experiments in vitro
The correlation between RCA activity and pH, Pco2 or HC03-/Pco2 ratio of blood which was examined by tonometry with several mixed gases is shown in activity before tonometry is expressed as 1, the rate of change of RCA activity during tonometry also shows a fan shaped relationship with HCO3-/Pco2 ratio or Pco2. At the same time, a linear relationship could also be found between RCA activity and pH. But no other definite relationships could be found between RCA activity and Pot, HCO3-, Tco2, BE or SBC.
The relationship between RCA activity and acid-base balance in the course of 6 or 9 hr of tonometry is shown in Fig. 2a, b and c. Some typical relationships between RCA activity and pH, PCo2 or the HCO-3/PCo2 ratio are also shown in these figures. The RCA activity increased in parallel as the HCO3-/PCo2 ratio increased and it decreased after the HCO3-/PCo2 ratio decreased. Changes in HC03-/PCo2 ratio took place before the RCA activity changed, which shows a typical triangle shape. In our experiments, no common relationship between RCA activity and Pot could be observed. In relation with HC03-and Tco2, the RCA activity changed within the range of 23 to 25 mEq/liter of HC03-and Tco2. BE and SBC were found to be unrelated to the RCA activity. 2. Correlation curves between percentage changes of the RCA activity and pH, Pco2 or HCO-3/Pco2 during tonometry with a high or a low C02 gas ratio (8% C02 and 92% 02, or 100% 02). HC03-/ Pco2 ratio changed ahead of the change of the RCA activity and these changes make the locus of a particular shape. o, control.
Experiments in vivo
Two ml of blood were taken from 42 healthy adults at rest. RCA activity was found to be related with pH, Pco2, and the HC03-/Pco2 ratio, but not to any other parameter, namely Pot, HC03-, Tco2, BE or SBC (Fig. 3a, b and c) . A linear relationship was found between RCA activity and pH, and the HC03-/ PCo2 ratio. The fan shaped relationship was observed between RCA activity Fig . 3 . Correlation between changes of the RCA activity and pH, during rest. A linear relationship was found between RCA activity Pco2, and a fan shaped relationship which is illustrated by a between RCA activity and Pco2. Correlation coefficient is -0.024 (Pco2) or -0.365 (HCO3 jPco2, p<0.01). and Pco2 as illustrated by the dotted line in Fig. 3b . When the RCA activity decreased, the range of Pco2 broadened. Two ml of blood were taken from 25 patients anesthetized with halothane at normal temperature (37±1°C) over a period of 3 hr. The RCA activity before induction was assumed to be 1, and the activity after induction was expressed by the percent change against the activity before induction. The RCA activity was found to have some relationship with pH, PCo2, HC03-and HC03-/Pco2 ratio in 3 groups which were separated retrospectively on the basis of Pco2 of blood-gases (Pco2>45 mmHg, 45>Pco2>35 mmHg, Pco2<35 mmH) (Fig. 4a, b and c) .
During the change of body temperature from 37°C to 20°C, no correlation was found between RCA activity and BE, Tco2 or SBC, which changed in parallel with the change of temperature, but pH, Pco2, HC03-and HC03-/Pco2 ratio were found to be related linearly with RCA activity. After the operation, no linear relationship was found, because the RCA activity had been changed by blood transfusion in all operated cases (Fig. 5a, b, c and d) . Kawakami and Kondo (1975) and Taki et al. (1981) reported the constant relationship between Pco2 and RCA activity, and Anker and Mondrup (1977) and Mondrup and Anker (1979) reported that there was a constant relationship between HC03 in plasma and RCA activity. But Ooshima et al. (1977) reported that no constant relationship was found between the acid-base balance and RCA activity. Thus, the constant relationship between RCA activity and acid-base balance has not been estimated. In the present study, the acid-base balances which were thought to be related to RCA activity were found to change under various conditions, Fig. 5. Correlation curve between percent changes from the RCA activity before cooling during hypothermia and pH, Pco2, HC03-or HC03-/Pco2.
The changes during the time from cooling to rewarming are shown, and these changed in parallel with the temperature. and the RCA activity had some constant relationships with pH, Pco2 and HC03_/Pco2 ratio. When the RCA activity has a constant relationship with HC03-/Pco2 ratio, it is considerable that pH and Pco2 have constant relationships with the RCA activity because pH, Pco2 and HC03-/Pco2 ratio are changed in parallel with each other through the Henderson-Hasselbalch formula (Formula 2).
A relative linear relationship was found between RCA activity and pH or Pco2 (Fig. 2 a, b, c) . The relationship between the RCA activity and the HC03-/ Pco2 ratio is expressed with a triangle-shape over 1.0 of HC03-/Pco2 ratio and a linear relationship under 1.0 of HC03-/Pco2 ratio. This triangle-shape correlation explains why the relationship between RCA activity and Pco2 or HC03-/Pco2 ratio is of a fan-shape in Fig. 1 b and c and Fig. 3 b. Therefore, the RCA activity was found to change in the direction to correct the acid-base balance when the acid-base balance was disturbed by prolonged tonometry. Ooshima et al. (1977) reported that a correlation was not found between the RCA activity and the acid-base balance in clinical cases. The correlation between RCA activity and HC03-/Pco2 ratio was considered to be linear in Fig. 4 c in which the RCA activity and the HCO3 jPco2 ratio were shown by the mean values. In the clinical cases, RCA activity was linearly correlated with HC03-/Pco2 ratio (Figs. 3 c,  4 c and 5 d) ; the RCA activity on the 1st postoperative day in Fig. 5d increased because adult blood with a high RCA activity was transfused into the patients. But the linear relationship with high correlation between the absolute value of RCA activity and HC03-/Pco2 ratio has not been found because there is a fan shaped relationship but not a linear relationship between the absolute value of RCA activity and HC03-/Pco2 ratio in the in vitro study. This fan shaped relationship is reported here for the first time. This fan shaped relationship is also thought to make the normal absolute value range of the RCA activity so wide and the correlation between the RCA activity and HCO3 jPco2 ratio a triangle shape in the in vivo study. Therefore, Ooshima et al. (1977) could not find out the linear correlation between RCA activity and acid-base balance. As Feisal et al. (1963) , Klocke (1978) and Nagal et al. (1974) reported that RCA activity affects the Pco2 level, it is thought that the RCA activity also has a correlation with Pco2 which changes in parallel with pH and HC03-/Pco2 ratio through the Henderson-Hasselbalch formula.
As the acid-base balance changed, the RCA activity changed (Fig. 2, c) . The activity increased when pH increased in vitro but not in vivo. The RCA activity is highest at phi 7-8 and is lowest at pH 6.5 (Kiese and Hastings 1940) , so that the RCA activity is believed to change in parallel with the change of pH in the alkaline range (pH 7-8). When pH decreases, some factor which stimulates the RCA activity seems to be produced in the body because the increase of RCA activity was noted only in vivo but not in vitro. In clinical cases, Kawakami et al. (1978) and Taki et al. (1981) reported that the RCA activity increased when Pco2 increased and decreased when Pco2 decreased. But: in the present study, the RCA activity increased, when Pco2 increased in vivo and when Pco2 decreased in vitro. The observed opposite changes of the RCA activity in vivo and in vitro against Pco2 also support the view that some factor affecting the RCA activity may be produced in the body (Taki et al. 1980 (Taki et al. , 1981 . The factor may be aldosterone as reported by Suzuki et al. (1976) . But aldosterone may not affect the RCA activity in vitro as aldosterone does not change during tonometry. Furthermore, the RCA activity is reported to be influenced by the K+ transfer between intraand extra-cellular spaces (Kawakami et al. 1978 ) and the proton (H+) transfer between oxyhemoglobin and RCA (Silverman et al. 1979 ). In vitro, the RCA activity is changed by these factors but not aldosterone. Therefore, this opposite phenomenon may be caused by the different circumstances between in vivo and in vitro.
As stated above, the RCA activity was correlated with the acid-base balance. The RCA activity increases in a body when pH decreases and when Pco2 and HC03-/ Pco2 increase in the blood, and vice versa. Then, the body may suffer from the unequilibrium of acid-base balance when the RCA activity increases or decreases far beyond the normal physiological range. Furthermore, it is supposed that acidosis can be neutralized by increasing the RCA activity and alkalosis can be neutralized by decreasing the RCA activity.
